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Abstract 
The ongoing energy crisis and the lack of efficient energy conservation practices in most industries in India is of growing 
concern. To address this issue, this research investigates into the possibilities of finding a solution towards reducing the energy 
wastage in foundries. An energy audit was conducted towards this purpose by identifying key areas which were compressed air, 
raw materials and furnace. The audit started by studying the compressed air system. The faults present were identified and 
remedial measures were arrived upon. The audit then focused on the raw materials where the inventory and raw material usage 
was studied. Sand wastage was found to be a significant problem which was tackled by developing and using a new system 
which eliminated the problem. The thermal aspect of the audit was then conducted by observing the energy consumption of the 
furnaces. The energy wastage due to various factors was then quantified and improved designs were created, showing better 
energy usage.These simple initiatives taken in a small scale foundry could give rise to cost savings of around 10 lakh rupees per 
year and energy saving of 58 MWh. Such initiatives prove that scope for energy conservation in foundries are immense and 
simple steps are sufficient. When the world is undergoing energy and environmental crisis, such precendence as shown in this 
paper is very essential to emulate by all sectors. 
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1. Introduction 
1.1. Energy Audit 
Improving energy efficiency and conservation are essential to achieving environmental sustainability. They are 
the simplest ways to reduce the greenhouse gases and other forms of air pollution such as acid rain or smog.  
Nomenclature 
mR mass of raw materials 
mP mass of products 
mW mass of waste products 
mS mass of scrap 
Ʃ sum of all terms 
t1 load time 
t2 unload time 
QCOND rate of energy transfer due to conduction 
QCONV rate of energy transfer due to convection 
ΔT change in temperature 
L length of the plate 
KSS thermal conductivity 
ALID area of the lid 
ASURF area of the surface 
h heat transfer coefficient 
 
A good energy management starts with an energy audit. An energy audit identifies where and how much energy is 
consumed in an existing facility, building or structure[1].It quantifies energy usage according to its discrete 
functions. An industrial energy audit is an effective tool in defining and pursuing a comprehensive energy 
management program within the business. In any industry, the three top operating expenses are often found to be 
energy, labour and materials. In most assesments of the manageability of the costs or potential cost savings in each 
of the above components, energy would  invariably emerge as a top ranker, and thus energy management function 
constitutes a strategic area for cost reduction. In general, the energy audit is the translation of conservation ideas and 
hopes into reality, by lending technically feasible solutions with economic and other organizational considerations 
within a specified time frame. 
1.2. Types of energy audit 
The type of energy audit to be performed depends on: 
 
x Function and type of industry 
x Depth to which a final audit is needed 
x Potential and magnitude of cost reduction design 
 
A detailed energy audit provides a comprehensive energy project implementation plan for a facility, since it 
evaluates all major energy-using systems. In a detailed audit, one of the key elements is the energy balance [2]. This 
is based on an inventory of energy-using systems, assumptions of current operating conditions and calculations of 
energy use. This estimated use is then compared to the utility bill charges. Therefore, the job of the experts in energy 
audit is to go through the target consumption of object areas, clarify boosting possibilities and present the measure-
suggestions. Also with small technical changes or the exchange of the feecan be achieved significant publishing 
foundations without investments. 
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1.3. Benefits of energy audit 
The following are some of the benefits of an energy audit: 
 
x To bring out the saving possibilities of energy consumption and energy expenses. 
x To give real information based on measurements about the energy consumption’s focus area. 
x To compare energy purchase fees and to give the basic information for optimizing electricity 
acquisition. 
x To educate and to guide the technical staff in energy use concerning matters and in the use of systems 
and devices. 
x To bring out also other improvement propositions as an energy consumption improvement propositions. 
x It is a productive investment; it pays itself most often in the matter of months. 
x To support the accomplishment of the environmental program of the company and to support 
possibilities to reduce environmental effects of energy consumption. 
x To direct to follow regularly energy consumptions and expenses, whereby permanent savings can be 
received. 
2. Methodology 
A detailed energy auditing was carried out in two phases: 
x Phase 1 – Pre-Audit [3]. 
x Phase 2 – Detailed Audit 
2.1. Phase 1- Pre-Audit Activities 
The Pre-Audit activities involved discussion of the aims of the energy audit with the site’s senior management, 
analysing the major energy consumption data with relevant personnel and obtaining the site drawings such as 
building layout, compressed air distribution and electricity distribution. 
 
2.2. Phase 2- Detailed energy audit activities 
Depending on the nature and complexity of the site, a detailed energy study can take from several weeks to 
several months to complete [4]. Detailed studies to establish and investigate energy and material balances for 
specific plant departments or items of process equipment were carried out. The audit report includes a description of 
energy inputs and product outputs by major departments or by major processing function and evaluates the 
efficiency of each step of the manufacturing process. Compressed air, Raw materials and thermal energy were the 
three major areas on which the energy audit was compiled. The obtained data was tabulated and a viable solution 
was suggested based on the same. 
3. Implementation in Industry 
3.1. Enlistment of wastage: 
x Compressed Air:  
 
Compressed air is the most expensive utility in a foundry. The foundry industry uses a great deal of 
compressed air for production purposes. The electrical cost of compressed air may run to 70 percent or 
more of the total system’s annual operating costs, while maintenance and depreciation may take 15 to 20 
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percent each. Therefore, it is clear that compressed air is one technology where energy efficiency 
improvements are directly related to financial savings. 
 
x Thermal: 
 
The fact that foundries are one of the most energy intensive industries is due to melting of scrap and other 
raw materials [5]. This makes it important to audit continuously melting cost and energy use in relation to 
other costs and consumption. The efficiency of the furnace was found to be low, about 58 percent. Energy 
loss in critical areas was found to be of a significantly high value. The problematic areas that were 
encountered were spillage during pouring of molten metal and heat loss due to open furnace. 
 
x Raw material: 
 
Material quantities, as they pass through processing operations, can be described by material balances [6]. 
The material balances are fundamental to the control of processing, particularly in the control of yields of 
the product. The law of conservation of mass leads to what is called a mass or material balance. 
 
Raw materials = Products + Wastes + Stored materials 
 ¦ ¦ ¦ ¦ SmWmPmRm  
 ¦ ¦ ¦ ¦ 321 RmRmRmRm = Total Raw materials 
 ¦ ¦¦ ¦ 321 PmPmPmPm  = Total Products 
 ¦ ¦ ¦ ¦ 321 SmSmSmSm  = Total Stored Products 
 
 
¦ ¦ ¦ ¦ 321 WmWmWmWm  = Total Waste Products 
 
If there are no chemical changes occurring in the plant, the law of conservation of mass will also apply to 
each component so that for component A: 
 
mA in entering materials =mA in exit materials + mA stored in plant. 
 
The Sankey diagram in Fig. 1is very useful to represent an entire input and output material flow [7]. This diagram 
represents visually various outputs and losses so that managers can focus on finding improvements in a prioritized 
manner. 
 
 
 
 
 
 
 
 
Fig. 1. Sankey Diagram. 
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The first step is to look at the three basic categories: materials in, materials out and materials stored [8]. 
Then the materials in each category have to be considered whether they are to be treated as a whole, a gross 
mass balance, or whether various constituents should be treated separately and if so what constituents. The 
choice and the detail depend on the reason for making the balance and on the information that is required. 
A major factor in industry is the value of the materials and expensive raw materials are more likely to be 
considered than cheaper ones, and products than waste materials. 
 
x Layout 
A walk through the factory floor revealed (see Fig. 2) that the materials were arranged in an haphazard 
manner making it tough for the workers to transport the raw materials. Defects in casting were a possibility 
because of damage during material transfer which resulted in a lot of time wastage and hence productivity 
was affected. 
 
Fig. 2. Old Layout 
 
3.2. Addressing the wastage 
x Compressed air: 
All compressed air systems have leaks. Leaks can be a significant source of waste energy in any industrial 
compressed air system, sometimes wasting 20 to 30 percent of a compressor’s output[9]. A typical plant 
that has not been maintained well is likely to have a leak rate equal to 20 percent of total compressed air 
production capacity. On the other hand, proactive leak detection can reduce leaks to less than 10 percent of 
the compressor output. A typical leak test was conducted on the given compressor unit and the amount of 
leakage was calculated. 
Load time (t1)     = 7 s 
Unload time (t2)     = 12 s 
Capacity of compressor     = 1.13 m3/min 
Leakage      = 36.84% 
Leakage quantity per day    = 212 m3/min 
1820   M.S. Prashanth et al. /  Procedia Engineering  97 ( 2014 )  1815 – 1824 
Specific power for compressed air generation  = 0.11032 kW/m3/hr 
Energy lost per m3 per day    = 23.422 kWh 
Cost of one energy unit     = Rs 9 
Cost that is lost per day     = Rs 210.8 
Cost of leakage per year     = Rs 65570 
   
The results showed that the cost of leakage per year could be brought down by 73 percent when the power 
consumption is reduced from 36 to 10 percent by applying the following remedial measures. 
 
Reducing Delivery Pressure: A reduction in the delivery pressure by one bar in a compressor would reduce 
the power consumption by 6 to 10 percent [10]. 
Compressor Modulation: This mode of control varies the compressor output to meet the flow requirement 
by adjusting inlet valve. Power consumption can be reduced to 35 percent. 
 Compressor modulation by Optimum Pressure settings. 
Cool Air intake: Every 4 degree Celsius rise in inlet air temperature results in a higher energy consumption 
by 1 percent to achieve equivalent output. Temperature in the foundry was found to be around 32 degree 
Celsius amounting to 4 percent loss in power. By bringing down the temperature to 26 degree Celsius, 1.5 
percent power can be saved. 
Dust-free air intake: Dust in the suction air causes excessive wear of valves and moving parts for every  
250 mm WC. Pressure drop increase across at the suction path due to the choked filters, the compressor 
power consumption increases by about 2 percent for the same output. Hence by the intake of dust free air, 
the above losses can be overcomed.    
 
x Raw Material: 
It has been found that around 105 kg of sand is wasted every day during the strike off operations. To 
overcome this issue, a sand recovery system was designed to save close to 100 kg of sand which amounts 
to almost 3 tonnes of sand every month. In the modified design (see Fig. 3), the mold box was placed on 
top of the system. A honeycomb design was used so that the sand that is usually wasted during the strike 
off operation is accumulated in the system. The accumulated sand was collected using a tray which can be 
removed and can be used for further mixing operations.This resulted in zero sand wastage.The details of 
the sand recovery system are: 
Material Used  = Mild Steel with powder coating 
Dimensions   = 900 x 510 x 240 mm 
Pipe diameter   = 100 mm 
Number of pipes   = 45 
Total weight of the box  = 37.52 kg 
Overall cost   = Rs 8000-10,000 
 
 
 
 
 
Fig. 3. Sand Recovery System 
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Total cost of sand used per year  = Rs 27,45,600 
Cost saved    = Rs 1,20,793 
 
Hence, by using this sand recovery system, around 4.4 percent of the total cost can be saved. 
 
x Thermal:  
 
The fact that foundries are one of the most energy intensive industries is due to melting of scrap and other 
raw materials [5]. This makes it important to audit continuously the melting cost and the energy use, in 
relation to other costs and consumption. The options for energy savings in melting are preheating of the 
raw materials, selection and maintenance of furnaces,insulation and maintenance of furnaces, continuous 
monitoring and control of melting and heat treating devices, avoidance of lid-off periods of furnaces, 
maintenance of furnance cover and seal cover gaps, investments for heat recovery systems of furnaces and 
furnace accessories. 
A significant amount of energy can be conserved by using a simple lid system (see Fig. 4).A plate  made of 
stainless steel with underside coated with ceramic fibre lining was used to prevent damage to the plate 
during exposure to high temperatures. The temperature of lid was measured by using a thermocouple and 
the energy transference to the raw materials by conduction and convection were calculated.  
 
By conduction:   > @ LIDSS AKLTCONDQ uu' 13  
 
              = ((142.84-40)/0.025) x 25.4 x 0.075 
              = 7.83 kW 
 
By Convection: > @  fuu TSTSURFAhCONVQ 13  
 
              = 10 x 0.03 x (245.68-40) 
              = 61.704 W 
Energy transferred to the raw material during pre-heating = 7.83 kW. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Improved design of the furnace 
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Thus it is found that the input energy can be reduced from 90 kW to 82.17kWh 
Old efficiency  = 58.02 percent 
New efficiency  = 63.55 percent 
 
It was found that the efficiency of the system increased by 6 percent (see Fig. 5). 
The savings in power was found to be 7.83 kW. 
The cost saved was found to be Rs 2,99,834.808 per year 
 
 
 
Fig. 5. Power Vs. Number of heats 
 
 
The other ways by which the thermal energy can be used more efficienctly are: 
  
Furnace Insulation: 
The furnace insulation defects increases energy use in intermittent operations [8]. The furnace lining should 
have high durability, low density, low conductivity and low mass. This is why fire bricks have been 
changed over to ceramic fibre materials which have high thermal shock resistance. Apart from saving of 
heat energy, it helps to control molten temperature more accuarately. 
  
 Charge Pre-heating: 
Pre-heating of charge materials shortens the melting cycle and also dries off water and evaporates grease 
from the scrap. Free off-gas energy is used in favour of charge heating thereby reducing the electricity cost. 
  
 Ladle: 
A commercial solution is to place the ladle in tipped position and rest it in horizontal burner that has heat 
reflective cover to reduce radiation loss. Ladle heating burners often have low burner efficiency 50 percent 
[11]. With better control of combustion, an efficiency of 60-65 percent can be reached. When using oxygen 
enrichment in burning air, the pre-heating time and the burning efficiency can be improved. This is because 
of the hotter flame and flue gases. New fibre lining materials with low density, low thermal conductivity 
and non-wetting characteristics can lower the pre-heating period by less than half as compared to 
traditional refractory materials. The lining material has an essential effect on pre-heating materials. This 
allows lowering of the tapping temperature as well. 
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4. Conclusion 
This study was started with the purpose of throwing light on the importance of energy conservation and 
implementing the ideas in a cost-friendly and economical way. This led to the concept of energy auditing. Energy 
auditing in industries in India is still in its embryonic stage and hasn’t kicked off in full swing yet. Concrete research 
for energy auditing in foundries was found to be lagging and thereby this work is of significant importance.If the 
remedial measures that were suggested and discussed were to be implemented, the cost saved per year would 
amount to approximately Rs 4.5 lakhs and the savings in energy would approximate to 58 MWh which is equivalent 
to the emission of 24.94 tons of CO2  per year and the offsetting the deforestation of 150 trees [12].Conservation of 
energy readily translates into conservation of natural resources and mitigation of emissions. The method of heat 
integration by raw material embedment that has been applied on cast iron in this research can also be roughly 
applied to other materials and other methods also, since the principle of conservation is same.  For the global 
production of 98,593,122 tons of castings[14], energy required for melting is 69015185400 kWh, taking into 
consideration of the study cited above[15]. Accounting for the transmission and distribution losses of 10%, this 
energy becomes 75916703940 kWh at the generation site. By applying the method discussed in this paper, if 20% 
savings are achieved, it will be to the tune of 15183340788 kWh.  
Energy saved by simple conservation methods is always beneficial to environment since it readily cuts down the 
emission at the production plant. To exactly assess the ecological foot print for conservational methods is a bit 
complex process, since it involves many factors such as exact generation mix and accurate accounting of emissions 
in each method of energy generation. Many works have been done in this regard: Resource input-output 
methods[16,17], Componential methods with wider accounting[18]...etc. These methods also take into account a 
particular country’s energy generation mix and land use characteristics. Considering the limited scope of this paper 
in this regard, one of the generic carbon foot print calculators[12] is used to calculate the impact of this work on 
emissions. This calculator shows that for the total amount of electricity savings of 15,183,340,788 kWh, savings in 
CO2 emissions would be around 6,528,836.53884 tons and offset in the number of trees planted would be around 
39,173,019. We can extend this to other resources such as land and water, shedding more light on the usefulness of 
this work. An initial, well-structured energy audit is the first important step in a successful in-house energy 
management program in industry[12]. This work will serve to generate attention and to emphasize the importance of 
Energy Auditing and Energy Conservation in industries and to make the industrial sector more conscious about the 
importance of efficient energy consumption. 
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